The paper presents the testing of free and forced oscillations characteristics on FAP 2228 BS/A-45 off-road vehicle. The testing of free oscillations was conducted according to SORS 9127 (Standard of Defence of the Republic of Serbia) in laboratory conditions. The testing of forced oscillations was conducted in the course of driving on various surface paths -the heath in Deliblatska pescara, gravel at the territory of Fruska gora, on concrete surface at the runway of the Kovin airport, as well as on
INTRODUCTION
The concept of military vehicles refers primarily to engine-driven special purpose off-road vehicles. It covers various military systems driven by internal combustion engines, such as tanks, infantry armoured fi ghting vehicles, as well as a number of other special superstructures on offroad vehicles. This is exactly the group of vehicles which are not covered by ecological standards in practice.
Figure 1: FAP 2228 BS/A-45
As these vehicles are not used only during war, but also in peace time, it is necessary to establish the standards which must be applied in order to protect the health of their users. A special problem related to military vehicles results from the fact that they are very durable and last long, and therefore they do not fulfi l the standards which the automobile industry started applying in the last ten years [05, 07] . Also, due to the special requirements set before the manufacturers regarding dynamic passability, the autonomous movement, the reliability of fi tted components, as well as the accommodation of special equipment and weaponry, the price of manufacturing such vehicles is very high. It is a frequent case in practice that during the designing of superstructures to be installed on a basic type of a vehicle the constructors are faced with huge problems how to reduce the level of vibrations and noise inside the cabin to an acceptable level required for uninterrupted operation of the carrier [06, 08] . The main and transversal supports are connected by screws and rivets. The platform is equipped with JOST locks for container connecting. Overall dimensions of the vehicle are (length x width x height) 9,615 x 2,500 x 3,180 mm. , it is necessary to know the duration of total daily exposure to vibrations produced by vehicles used during the work process. Only the data referring to the concrete work process should be taken into account at that, i.e. only the time period during which a driver or a crew member was exposed to vibrations. The alternative measure of the level of exposure to vibrations is Vibration Dose Value (VDV). VDV has been developed as a measure which represents a better risk indicator or exposure to vibrations with shocks. VDV is expressed in meter per second on 1.75th (m/s1.75) and as opposed to the level of vibrations expressed as r. m. s. value it represents a cumulative measuring result, i.e. it increases as the measuring time is prolonged. This is why it is important to know during all VDV measurements in which time period the value was measured. It should be the highest value measured in one of the three orthogonal axes (1,4 VDVwx, 1,4 VDVwy or VDVwz) [04] . Risk assessment must enable to recognize the method which can control the exposure to vibrations. When evaluating the exposure to vibrations, the work processes that cause them must also be taken into account. Understanding of the manner in which the workers are exposed to vibrations will help recognize the method for the reduction or complete elimination of this exposure [02, 03] .
VIBRATION (FREE AND FORCED) MEASURING
Portable MAESTRO human vibration meter, manufactured by 01dB-Metravib, was used to measure the vibrations on the seats of both the driver and passengers in the vehicle cabin and the superstructure. This meter is intended primarily for human vibration measuring, i.e. measuring and calculating the infl uence on the human body (measurement of vibrations at the workplace which are transferred to the whole body or to the hands). Alternatively, it is used to measure the level of noise (as four-channel system, the fi rst three channels are intended for three-axis accelerometers, and the fourth channel can be connected to the oneaxis accelerometer or to a preamplifi er with a microphone; it is adapted for measuring the effi ciency of the seat and as a basic vibration meter). 
FREE OSCILLATIONS MEASURING
Testing of free oscillations was carried out in laboratory conditions on a fl at concrete surface according to SORS 9127. The vehicle is equipped with dependent elastic suspension system on the front bridge with leaf springs, additional rubber cushions and telescopic hydraulic shock absorbers (left and right). Measurements were carried out on two points: M 1 -vehicle frame above the middle of the axle, and M 2 -vehicle frame above the centre of the tandem of vehicle back axles. Exciting a vehicle to natural oscillation is performed by stretching, i.e. free fall of the vehicle ends: front end for measuring point M 1 and rear end for M 2 . Out of the recorded signal as evaluating parameters for free oscillations fo natural frequency and relative coeffi cient of damping Ψ are taken. As SORS 9127 refers to comfort characteristics -the evaluation of fo and Ψ parameters is given according to the criteria for human organism. From the recorded oscillation signals the values of fo and Ψ parameters were calculated in the form of damped sine wave and the results are shown in Table 1 . On the front axle (M 1 ) the parameter of natural frequency suggests comfortable drive, while the coeffi cient of damping lies on the dividing line between comfortable and uncomfortable driving.
• • On the measuring point at the centre of tandem axle (M 2 ) the parameter of natural frequency is within the range of conditionally comfortable driving, and the coeffi cient of damping suggests extremely uncomfortable driving. Table 2 shows the results of measuring the total weight of the vehicle with the container, as well as the weight distribution on the sides and axles. In addition to the surface on which the vehicle is being driven, one of the most important parameters that have signifi cant infl uence on measuring results is also the speed of the vehicle. This parameter has been chosen based on more than 20-year-long experience of the researchers of testing vehicles on testing paths in both Deliblatska pescara and Fruska gora. Realistic average speed on this type of surface is 30 km/h, but in order to obtain a more comprehensive insight into the measuring results and their comparison, the testing was also carried out at the speed of 40 km/h. Figures 4 through 6 show the examples of measuring results, while 
CONCLUSION
In order to obtain more comprehensive results on asphalt and concrete surfaces respectively, the measurements were carried out at constant speeds ranging from 40 to 80 km/h. Tests were made on the Kovin airport runway and on the part of highway near Sremska Mitrovica. Regardless of a relatively wide speed interval, the results obtained of the equivalent levels of vibrations at the driver's seat range from 0.9 to 1 m/s2 for the concrete surface and about 0.75 m/s2 for asphalt surface; it can, therefore, be concluded that various speeds on either concrete or asphalt surface do not have any signifi cant infl uence on the level of vibrations on either driver's or co-driver's seat. It can be noticed that at the same speed the vibrations at the co-driver's seat are about 10% higher on a concrete surface, but also about 30% on the asphalt surface.
, 263 Figure 6 . speed 50 km/h, asphalt Considering that both seats (the driver's and codriver's) are equipped with the same type of seats, it can be concluded that the distribution of burder, as well as the choice of vehicle suspension system have infl uence on this irregularity. The oscillations measured during driving on the asphalt surface at the driver's and co-driver's seat suggest uncomfortable drive, particularly at the speed of 50 km/h. Measuring of forced oscillations in the fi eld following the comfort ability criteria suggests that driving at both the driver's and co-driver's seats can be classifi ed as very uncomfortable on the macadam. This conclusion is also valid for the drive at the speed of 40 km/h on the heath. In general, the results for the co-driver's seat are more unfavorable. In regard to the criteria of harm to health, the driving in this off-road vehicle on both the heath and macadam surfaces should be limited in time until the stated warning levels of vibrations.
